1848

a-Sulfo Fatty Acids and Derivatives.

Synthesis, Properties and Use

A. ]J. STIRTON, Eastern Regional Research Laboratory,’ Philadelphia, Pennsylvania

ATURATED long chain fatty acids react with sulfur

trioxide, chlorosulfonic acid or dioxane sulfur tri-
oxide to give monosulfonation in the a-position. The
reaction is simple, inexpensive and specific. The a-
sulfo acid is a versatile intermediate for salts, esters,
amides, and other derivatives. Use of a-sulfo com-
pounds has been proposed in ore flotation, as surface
active and detergent compositions, detergent bars,
wetting agents, lime soap dispersing agents, as paint
additives, and in lubricant greases.

The higher fatty acids can be sulfonated directly in

the a-position by reaction with sulfur trioxide, chloro-
sulfonic acid, or dioxahe sulfur trioxide. o-Sulfona-
tion can be accomplished less directly by the Strecker
reaction of an a-bromo fatty acid with sodium sulfite
(23,27). Direct sulfonation of the higher saturated
acids is specific and leads only to monosulfonation
in the a-position. Reaction of sulfonating agents
with unsaturated higher fatty acids is complex (29):
the reaction of sulfur trioxide in liquid sulfur di-
“oxide with oleic acid at —10C gives a product esti-
mated to be about

559% CH3(CH,),CH=CHCH (SO3Na) (CHs)¢
COzNa,

289% CH3(CH,);CHOHCH (SO3Na) (CHz)+.
COqNa, and

17% CH3(CH,),CH (0SO3Na) CH (SO3Na)
(CHz)*{COzNa.

Studies on the lower aliphatic sulfocarboxylic
acids carried out by Backer and collaborators over
a period of several years have been summarized by
de Boer (8). ,

The sulfonation of dicarboxylic acids such as glu-
tarie, adipic, -azelaic, or sebacic.acids by means of
liquid sulfur. trioxide, with trichloroacetic acid as
the solvent, results in monosulfonation at the a-
position (16). Methods also exist for the direct
sulfonation of amides, anhydrides, esters (24), soaps
(11), and nitriles (6).

Mechanism of «-Sulfonation

The direct sulfonation of saturated long chain
fatty acids by means of the vapor of sulfur trioxide
or with the stabilized liquid.of sulfur trioxide, in
the presence of a relatively inert solvent, appears
to take place with the initial formation of a mixed
anhydride. Further heating is necessary’ to convert
this to the a-sulfo acid. Some evidence for the
existence of the mixed anhydride can be found in
the early literature on the lower sulfocarboxylic
acids (15), also in the fact that perfluorobutyric
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acid reacts with SO; to form a mixed anhydride
sufficiently stable to be purified by distillation (13).
a-Sulfonation apparently occurs as follows:

— 5 [RCH;CO,]- + *[SO;H]

— 8:—
0
8 8 .
—— |RCHC’ + *[SOsH]
Y
| H O |
S0:H

This mechanism is similar to that for the a-
bromination of fatty acids by the Hell-Volhard-
Zelinskil reaction, catalyzed by phosphorus to form
the acid bromide as an intermediate (39). There are
other similarities in the two reactions. Both reac-
tions are simple, direct, and specific. Only mono-
substitution occurs and only in the a-position; and
no reaction takes place in the absence of an a-hydro-
gen atom.

Proof of Structure

Proof that sulfonation ocecurs in the a-position is
furnished by the following reaction cycle (52):

RCH,CO.H
S0s
P Bl’2

PB '
RCHBrCOBr «———2_ RCH (C0;Na) CO,H
NH; H,0

CS(NH,)»
—_—_—

RCHBrCONH, RCHBrCO,H RCHSHCOH

a-Bromopalmitamides identical in melting point
and X-ray pattern were obtained from palmitic acid,
in each of three routes: (I) sulfonation, reaction
with phosphorus pentabromide, reaction with aque-
ous ammonia; (II) bromination to the a-bromo acid
bromide, hydrolysis to a-bromopalmitic acid, con-
version to a-mercaptopalmitic "acid, oxidation to
sodium a-sulfopalmitic acid, reaction with phos-
phorus pentabromide, and reaction with aqueous am-
monia; (III) bromination to «-bromopalmitic acid
bromide and reaction with aqueous ammonia.




Comparison of Sulfonation Methods

Sulfur Trioxide. Sulfur trioxide may be used as
the liquid or as the vapor mixed with air or nitrogen.
A convenient laboratory method, applicable to solid
saturated fatty acids from lauric to behenic, and to
commercial hydrogenated tallow acids is illustrated
(43). Stabilized liquid sulfur trioxide, 1.25 moles,
was added dropwise in 30 min to a stirred slurry
of 0.78 moles of palmitic acid in 500 ml of carbon
_ tetrachloride. The mixture was stirred and heated
1 hr at 60-65C, cooled to 0C, and filtered. The filter
cake was washed with cold carbon tetrachloride and
dried in a vacuum desiccator to constant wt to give
an 85% yield of a-sulfopalmitic acid as a gray prod-
uct, estimated purity 98%. Lighter colored products
can be obtained by the use of sulfur trioxide vapor,
distilled from the stabilized liquid and mixed with
nitrogen. Chloroform or tetrachloroethylene can be
used in place of carbon tetrachloride.

Methods in the patent literature include sulfona-
tion with sulfur trioxide dissolved in liquid sulfur
dioxide, added to the fatty acid in liquid sulfur
dioxide (24); and sulfonation with the mixed vapor
of sulfur frioxide and butane, with butane as the
solvent (7).

Sulfonation Without Solvent. Direct sulfonation
without use of solvent is possible, particularly with
fatty acids liquid or semi-liquid near room temp.
The dark viscous reaction mixture and difficulties
in filtration may require isolation of the sulfonation
product as the sodium salt or as an easily purified de-
rivative, rather than as the a-sulfo fatty acid (17,
49).

Direct sulfonation without use of solvent is illus-
trated in the a-sulfonation of a commercial coconut
oil fatty acid forerun composed of about 42% -cap-
rylie, 28% caprie, 24% lauric and 6% myristic acid,
with an average composition corresponding to eapric
acid. The sulfonation product was not isolated but
esterification at the carboxyl group was accomplished
in the same vessel, catalyzed by the presence of the
sulfonic acid group in the same molecule (32).

A mixture of sulfur trioxide vapor 1.12 moles, and
nitrogen was passed into 0.95 mole of the semi-liquid
forerun at 14C with agitation. The temp of the dark
viscous reaction mixture reached a maximum of 64C.
Toluene and 10% excess of 2-ethylhexanol were
added and the sulfonated acids were esterified ; water
was removed azeotropically. The reaction mixture
was neutralized with sodium hydroxide and the prod-
uct was isolated after recovery of solvent as the
sodium salt of the 2-ethylhexyl ester of a-sulfo coco-
nut oil fatty acid forerun—an excellent wetting agent
quite stable to acid or alkaline hydrolysis.

Chlorosulfonic Acid. Chlorosulfonic acid is a eon-
venient sulfonating agent and may be used in about
the same way as 11qu1d sulfur trioxide (3,17). It is
somewhat more expensive and the hydrogen chloride
evolved may cause corrosion difficulties.

Very little reaction with the higher fatty acids
takes place below 50C and a final temp of 70C is
required to complete the reaction. In contrast liquid
sulfur trioxide accomplishes 30% sulfonation in 30
min at 25C and reaction is complete at 60C. Because
of the higher reaction temp there is no improvement
in color of the product.

Diozane Sulfur Trioxide. Dioxane sulfur trioxide
is useful in the a-sulfonation of substituted long
chain fatty acids such as 9,10-dichlorostearic acid,
9,10-dihydroxystearic acid and phenylstearic acid, to

avoid reactions which involve the chlorine atoms, hy-
droxyl groups, or the benzene ring (38,49).

Phenylstearic acid from the Friedel and Crafts
reaction is a mixture of several isomers with the
benzene ring substituted at various positions in the
fatty acid chain, apparently mainly at the penulti-
mate C atom with little or no substitution at the o
or o position (26).

Sulfonation with dioxane sulfur trioxide in carbon
tetrachloride gave disodium a-sulfophenylstearate in
a yield of 57%.

a-Sulfonation rather than ring sulfonation was
established by wultra-violet absorption spectra and
oxidative degradation. Sulfonation of palmitic or
stearic acid with dioxane sulfur trioxide results in
color improvement and the isolation of a white or
cream colored a-sulfo fatty acid (49).

a-Sulfo Fatty Acids and Their Salts

Most of our research has concerned the reaction
of sulfur trioxide with the saturated acids of tallow,
isolation of the a-sulfo acid, further reaction to form
salts, esters, amides and other derivatives, and char-
acterization of the o-sulfo acids and their derivatives
to demonstrate the relation between structure and
useful properties (4,5,20,31-36,40-52).

a-Sulfonation of the higher saturated fatty acids
with sulfur trioxide has many economic advantages.
The reactants are cheap, reaction is simple and spe-
cific, and there is a large increase in molecular
weight. The isolated a-sulfo fatty acid has several
indicated uses and is a versatile intermediate for
the formation of surfactants and other types of use-
ful products. Because of this a-sulfo tallow acids are
potentially the cheapest derivatives that can be made
from animal fats. a-Sulfopalmitic acid and a-sulfo-
stearic acid are now commercially available (1,2).

The o-sulfo higher fatty acids are easily soluble
in water and organic solvents. They exist as colloidal
electrolytes in aqueous solution, lower the surface
tension of water and have the detergent, wetting,
foaming, emulsification and other characteristics of
surface active agents. The cme (critical micelle
concentration, the concentration at which micelles
begin to form from simple ions and molecules) has
been measured by surface tension, dye titration and
conductance methods (46). The o-sulfo acids are
both strong and weak acids with pH values of 4.5
and 8.8 at the equivalence points (40). Compari-
sons of the a-sulfo acids and the mono and disodium
salts are shown in Table I.

TABLE I
a-Sulfo Fatty Acids and Mono- and Disodium Salts
Critical
Solubility ilﬁgfizcne micelle
in water, 250, 0 1;? concentra-

25C, % dynés/cma tion2
| 250,%

a-Sulfolauric acid. el 40.9 0.36

a-Sulfomyristic acid P 37.1 0.07

a-Sulfopalmitic acid 25 41.5 0.02
a-Sulfostearic acid 13 43.5 0.005
Na a-Sulfopelargonic acid. 1 49.6 1.00¢
Na a-Sulfolauric acid.. 0.42 32.7 .4
Na a-Sulfomyristic aci 0.11 30.2 ..d
Na a Sulfopalmltlc aci 0.02 ..© .4
Na a-Sulfc ic acid 0.01 ..C .d
Naz a-Sulfopelargonate. ....p 60.2 e
Naz a-Sulfolaurate......ccceerveersrvenccrenesnne 4.30 69.3 we
Naz a-Sulfomyristate - 1.50 62.8 e
Naz a-Sulfopalmitate. 0.25 44.3 .4
Naz a-Sulfostearate. 0.10 ..¢ .4

2 Pinacyanole Chloride method (10).
b Solubility greater than 25%.
¢ Not measured; solubility less than 0.1% at 25C.
4 Solubility of the sodium salts is an approximate value for the.cme.
¢ Do not form micelles except at high concentrations. .



On neutralization of the sulfonic acid group to
form the monosodium salt there is a sharp decrease
in solubility. Disodium salts formed by complete
neutralization are somewhat more soluble. Because
of the limited solubility of the monosodium salt the
sulfonation product can be easily isolated in a pure

state by precipitation as the crystalline monosodium

salt, by adding aqueous sodium chloride or sodium
sulfate, or by partial neutralization. Disodium salts
are easily converted to monosodium salts by heating
with dilute sulfuric acid. Solubility of the sodium
salts increases rapidly with temp.

‘Sodium «-sulfopelargonic acid and disodium a-
sulfopelargonate, laurate and myristate are easily
soluble but at ordinary use concentrations (0.1-
0.4%) they are primarily simple electrolytes, do not
markedly lower surface tension, and do not have
significant wetting, foaming or detergent properties
(34).

A comparison of alkali, alkaline earth and tri-
ethanolammonium salts of «-sulfopalmitic and a-
sulfostearic. acids showed that the acid lithium, acid
triethanolammonium and neutral magnesium salts
readily form concentrated micellar solutions at room
temp. In general salts forming micellar solutions at
lower temp have better foaming and detergent prop-
erties (44).

Monoesters and Diesters

The carboxyl group of an a-sulfo fatty acid or
the monosodium salt is readily esterified with a pri-
mary or secondary aleohol to give a wide range of
esters of the general formula RCH(SO3Na)CO:R’
(4,5;31,32,34,40-42.46). Three examples illustrate
convenient laboratory methods to obtain esters of
analytical purity.

Sodium Isopropyl a-Sulfostearate. A mixture of
3.3 moles of isopropanol and 0.3 mole of a-sulfostearic
acid heated and stirred 6 hr at reflux temp, cooled,
neutralized with solid sodium carbonate, decolorized

with carbon and erystallized at —10C gave sodium.

isopropyl a-sulfostearate, yield 79%.

Disodium 2-Sulfoethyl o-Sulfostearate. A mixture
of 0.207 mole of sodium isethionate, 0.20 mole of a-sul-
fostearic acid and 250 ml of toluene was heated and
stirred 6 hr at reflux temp with azeotropic removal
of water of esterification. The esterification mixture
was neutralized with alcoholic sodium hydroxide and
evaporated with recovery of solvent. The residue
was dissolved in water, unreacted a-sulfo acid was
removed as the monosodium salt, ethanol was added
and disodium 2-sulfoethyl a-sulfostearate,

CnggCH ( SOsNa) COzCHzCHzSO;:;N&,

was crystallized from aqueous aleohol at —15C in a
yield of 66%.

Sodium Nonyl a-Sulfopelargonate. A mixture. of
-0.11 mole of n-nonanol, 0.10 mole of sodium a-sulfo-
pelargonic acid, 200 ml of toluene and 2 ml of con-
centrated sulfuric acid was heated and stirred at
reflux temp with azeotropic removal of water. The
esterification mixture was neutralized with aqueous
sodium carbonate and evaporated with recovery of
solvent. Crystallization from 50% ethanol at —20C
gave sodium nonyl e-sulfopelargonate, yield 70%.

The examples show that use of the a-sulfo fatty
acid does not require an esterification catalyst. Tolu-
ene to remove water of esterification facilitates the
reaction and makes it possible to use low molar ratios
of the reactants. Sulfonation and esterification in situ
was described under sulfonation methods. -

Properties of Monoesters. Blocking the carboxyl
group by esterification results in a much more soluble
surface active agent, more resistant to precipitation
by metal ions than the corresponding sodium a-sul-
fomyristic, palmitic, or stearic acid. The esters as a
class are characterized by an unexpected resistance
to hydrolysis, which increases their general field of
application. Hsters of primary alcohols are more re-
sistant to acid than to alkaline hydrolysis; esters of
secondary aleohols are very stable to either acid or
alkaline hydrolysis. Resistance to hydrolysis may be
generally attributed to protection of the carboxylate
linkage by the adjacent sulfonate group through steric
hindrance. Relative rates of hydrolysis of these and
related esters are shown in Table IT (5,31,34,41).

Examination of a series of esters of general formula
RCH (SO3Na)CO2R’ of 14-19 C atoms derived from
propionie, butyrie, pelargonie, laurie, myristic, pal-
mitic, and stearic acids showed the esters were pri-
marily either wetting agents or lime soap dispersing
agents, depending on structure and chain length.

Properties examined were surface and interfacial ten-

sion, cme, Ca** stability, wetting, foaming, detergency,
and lime soap dispersion power (31,32). '

Esters which are primarily wetting agents are those
of 15-17 C atoms with the hydrophilic portion at or
near the middle of the molecule, a symmetrical or
nearly symmetrical structure. These are character-
ized by relatively high ecme and low surface tension
values. Examples are:

C;H15CH (SO3Na) CO.CeHis
C7H15CH ( SO?,Na) 00207H15
CmeCH (SOgNa) COzC4H9
010H21CH ( SOgNa) C0205H11

Esters which are primarily lime soap dispersing
agents have an unsymmetrical structure with the hy-
drophilic portion at or near the end of the molecule;
characterized by lower eme and higher surface tension
values and greater Ca** stability. Examples of the
best detergents and lime soap dispersing agents are:

CHgOH (SOgNa) 002C14H29
012H25CH ( SOgNa) COzCHg
014H29CH (SOgNa) CO2CH3
C14H2§CH (SOgNa) 00202H5
CmHggCH (SOsNa) COzCHg

Table IIT lists representative esters to illustrate rela-
tions between structure, chain length, and properties.
The sodium methyl, ethyl, propyl, butyl, and amyl
a-sulfolaurates, myristates, palmitates, and stearates
have sharp melting points; others do not melt below
200C or pass through a glassy state prior to melting.
Branching by the use of a secondary alecohol or a
branched chain primary alcohol improves wetting
properties. ,

Sodium dodecyl a-sulfobutyrate CoH;CH (SOsNa)-
C05C12Hos and sodium ethyl a-sulfomyristate CioHas-
CH (S03Na)COsCoHs -are counterparts, with R and

. R’ interchanged, and have remarkably similar prop-

erties. :

The isethionate esters, with two hydrophilic eenters,
are very soluble, have high cme values, excellent Ca+
stability and are excellent lime soap dispersing agents
(41,42,46). ' _

Diesters. Reaction of the mono- or disilver salt of
a-sulfopalmitic or stearic acid, or of the silver salt of
an alkyl ester, with alkyl iodides, gave corresponding
esters as shown (48): :



RCH (S03;Ag) COH , RCH (SOsR’) CO,H
ROH (S05A2)COAg — ®1 . ROH(SO4R')CO.R’
RCH (S0;Ag) CO:R” ROH (SOsR’) COsR”

The silver salt method is a convenient and tradi-
tional laboratory method. A practical method is the
reaction of an a-sulfo fatty acid with ethylene, cata-
lyzed by boron trifluoride (21):

RCH(SO3H)CO.H + 2CH, = CH,

BF
—"3 5 RCH(S03C,H;) C0.C0,H,

The dialkyl esters are low melting solids soluble in
organic solvents; they are insoluble in water and are
not surface active. From infrared spectra (48) and
analogy with dialkyl malonates, dialkyl sulfoacetates

TABLE IIJ
Rate Constants, Acid and Alkaline Hydrolysis
N/3 H2804,100C N/10 NaOH, 100C
Ester. P - -
a Relative Relative
Vk? rate kb rate
Na di(2-ethyl-
(2.9 ) LN 7RO a 0.0033 21
> % / :

ate B 0.0156 100 0.9 .100
Na hexyl a-sulfo- - approx

pelargonate.... 0.0020 13 0.16 18
Na capryl a-sulfo

pelargonate d..... 0.0010 6 0.0092 1
Na methyl a-sulfo- .

palmitate 0.0047 30 0.14 16
Na sec. butyl a-sulfo-

palmitate.......ccoeveeriuennne, 0.0021 0.2
Nag 2-sulfoethyl

a-sulfopalmitate............ 0.0051 33 1.0 110
Na 2-sulfoethyl too rapid

0leatB..uuecriiiiiinennens veesnees to measure 4.3 480

2 k1 (First order) = 1/t In a/a—x, min-1,

b ks (Second order) = 1/t x/a(a—x), 1./moles X min. X

¢ Acid hydrolysis occurs in stages, first at the unprotected ester link-
age (B), then at the linkage adjacent to the sulfonate group (a). The
value for alkaline hydrolysis is an approximation at the mid point; hy-
drolysis is too rapid to measure rates stepwise.

4 Ester of CeHi1sCHOHCHa.

(15,22), and trialkyl phosphonoacetates (19), they
may possess an active «-H atom and have malonic
ester characteristics. They are quite susceptible to
hydrolysis at the sulfonic acid ester linkage (48).

Monoamides and Diamides

Monoamides of a-sulfo lower fatty acids have been
prepared by dehydration of the amine salt (8), the
Strecker reaction (8,23), and reaction of the a-sulfo-
carboxylic acid chloride with ammonia or an amine.
The latter method was applied to palmitic and ste-
aric acids (47). .

Reaction of a-sulfopalmitic or stearic acid with ex-

cess of thionyl chloride and further reaction with an
amine in a chlorinated solvent gave the amide, iso-
lated as the sodium salt, with properties shown in
Table IV. Diamides are by-products as will be shown
later. '

The monoamides have properties similar to corre-
sponding monoesters but lower values for the critical
micelle concentration. The alkanolamides and the
N-methyl tauride are easily soluble, very resistant to
hydrolysis and have excellent calcium stability and
lime soap dispersion power.

Diamides. Diacid chlorides would be useful inter-
mediates for the formation of diesters or diamides
but attempts to form the diacid chloride indicate the
actual produet is a carboxylic acid chloride sulfonic
acid anhydride, [RCH (COCI1)S02]20, which on reac-
tion with ammonia or an amine gives a mixture of
mono and diamides (48).

Reaction of disodium o-sulfostearamide and phos-
phorus pentachloride in phosphorus oxychloride, and
amidation with dry ammonia gave 72% yield of prod-
uct found to be 58% monoamide, 42% diamide.
Melting points of the simple diamides of a-sulfo-
palmitic and stearic acids and the diamides of a-sulfo-
stearic acid from ethanolamine and isopropanolamine
are as follows, respectively: 166.8-167.5C, 166.4—
166.9C, 160-165C, 84-85.6C.

Like the diesters the diamides are not very water
soluble and are not surface active agents in the usual
sense. Because of the acidic sulfonamide group they
are soluble or dispersible in alkali.

Reduction and Decarboxylation

Besides esterification and amidation other methods
for the transformation or elimination of the carboxyl
group are the metal borohydride reduction of the car-
boxylic ester to a primary alecohol; and alkaline de-
carboxylation to an alkanesulfonate of one less C
atom (45).

Reduction. 1-Hydroxy-2-alkanesulfonates, isolated
as the sodium salt were prepared by sodium or lith-
ium borohydride reduction of sodium or lithium alkyl
a-sulfolaurates, myristates, palmitates or stearates.

In all cases the only products were the sodium
1-hydroxy-2-alkanesulfonate and the hydrolyzed un-
reduced ester recovered as the disodium salt. The
yield of the sulfo alcohol, corrected for recovered
starting material was 100%.

Decarboxylation. Desulfonation rather than decar-
boxylation occurred on heating a-sulfopalmitic acid

TABLE III
Structure and Properties of Monoestrs
Total cme @ Wetting Lime soap Cat+stabil-
Ester number of m.p. % time, 0.1%;, dispersion ity p.p.m.
C-atoms ° seconds power %¢ CaCOsd
Na dodecyl a-sulfobutyrate e......ccveeircriireenrinreeenieeererneecsneeessseeessins 16 0.068 5.5 14 | t
Na amyl a-sulfopelargonate........ 14 0.515 12.1 >100 630
Na octyl a-sulfopelargonate. 17 0.080 1.3 14 500
Na capryl a-sulfopelargonate 8. 17 0.134 1.3 18 520
instan-
Na 2-ethylhexyl a-sulfopelargonate.... 17 | e 0.070 taneous 24 530
Na 2-ethylhexyl ester of a-sulfo coconut oil fatty acid forerun......... 18 3.5 15 500
Na methyl a-sulfomyristate............ 15 25—-6C 0.096 12.5 9 | £
Na ethyl a-sulfomyristate 16 118-19.2C 0.068 6.7 8 | e £
Na methyl a-sulfopalmitate................... 17 180.9-2.8C 0.015 25.0 9 [ t
Na methyl a-sulfostearate. 19 179.8-180C 0.003 47.0 9 800
Na propyl a-sulfostearate. 21 72.3-3.6C 0.005 113.0 12 460
Na isopropyl a-sulfostearate. 21 75.8-7.2C 0.004 94.0 12 | L t
Na allyl a-sulfostearate.....coovveeeerieiniiinsivnneneenns 21 99.2-100.5C 0.004 90.0 12 740
Naz 2-sulfoethyl a-sulfostearate............... 20 | e . 0.100 500.0 5 1 .

a Oritical micelle concentration, Pinacyanole Chloride method (10).

b Draves test, time in seconds required to sink a 5g cotton skein (14).
¢ The number of grams of ester required to disperse the Ca soap form

greater compatibility with soap in hard water (9).

ed from 0.025g of Na oleate, ezipressed as %. Lower values indicate

4 Titration to a_turbidimetric end point with Ca acetate, expressed in terms of stability of the indicated value of water hardness (53).

e Counterparts, R and R’ of RCH(SO3Na)COzR’ interchanged.
f Bxcellent Ca*+ stability, >1800 p.p.m.
g Ester of CeH1s(HOHCHS.



TABLE IV
Sodium a-Sulfopalmitamides and a-Sulfostearamides

tcl?';ft ‘Lime.e
ROH(SOsNa)CONR'R” | mps | Krafft) omo 157,57 ension
P o CaCOs | power
] (58) | %(8)
a-Sug.g%almita,mides
—NHe.cooviiirvrvniiiiiiinnnd| e - 610 0.029 430
.1(1050) 3 5
—NHC2Hs....o0eevvvrereennn, 188.5-9C 29C | 0.024 840 6
—NHCz:H4OH.....ccoo0ee.|  evree 34C 0.025 [>1800 7
a-Sulfostearamides
—NHzuiiivirivenenneneeeene|  erenes 78C | e | e
(143-540C)
—NHOHs..o..oooreennenn. 184-50 38C | 0.007
—NHCHOH.......o0o.eeee]  verees 42C | 0.010 1540 5
(78-9C)
—NHCH2:2CHOHCHs... ](.gg—éfsc 5C | 0.005 1350 7
—N (C2H4OH)o............ 198C dec. 5C | e 1500 | 18
—N(CHs) C2H4SO0sNa.| ... 5C | aeee >1800 7

2 Five amides did not melt nor decompose below 200C; others passed
gxrﬁpg}g a glassy stage at the point indicated in parentheses, prior to

elting: .

.PThe' Krafft point is a convenient way of expressing relative solu-
bility. It is the temperature at which a 1% dispersion becomes a clear
solution on gradual heating (12). '

¢ Critical micelle concentration, Pinacyanole Chloride method (10).

in boiling o-dichlorobenzene in the presence of phos-
phoric acid, and palmitic acid was recovered in a
yield of 77%. Attempts to use a recent decarboxyla-
tion method (7) by simply heating sodium e«-sulfo-
stearic acid at 265C under nitrogen gave in our case
similar desulfonation to stearic acid. "
Alkaline fusion by heating and stirring disodium
a-sulfomyristate, palmitate, or stearate with excess
sodium hydroxide under nitrogen to 300-320C gave

30-50% yield of the sodium alkanesulfonate of one

less C atom.

A by-product was identified as the soap of two less
C atoms apparently formed by desulfonation to the
soap of an a-olefinic acid followed by the Varren-
trapp reaction:

- RCH,CH (SO3Na)COsNa + NaOH ————
RCH = CHCO2Na + NaySO3 + H,0;
RCH = CHCOsNa + NaOH + H,0
——> RCO;Na + CH3CO:Na + H,

Alkaline fusion of disodium o-sulfomyristate and

separation of the products gave 20% recovered as
sodium e-sulfomyristic acid, 39% sodium tridecane-
sulfonate and 23% sodium laurate, verified by mixed
melting point, infrared spectra and gas liquid chro-
matography of the fatty acid.
* The Krafft points of the monosodium salts of a-sulfo
acids, sodium 1-hydroxy-2-alkanesulfonates, and so-
dium alkanesulfonates are shown in Table V. So-
dium alkanesulfonates of an even number of C atoms
were prepared from alkyl bromides by the Strecker
reaction. ‘

TABLE V

Sodium a-Sulfo Fatty Acids, Hydroxyalkanesulfonates
and Alkanesulfonates

Total Krafft

number of point
C atoms (12)
ROH (S0sNa) CO:H :
C12H25CH (S0sNa) CO2H 14 68C
C14H20CH 5 S0sNa) CO2H . 16 83C
C1eH3sCH (S0sNa) CO2H 18 94C
RCH (S0sNa) CH:0H
CheHasCH (S0sNa ) CH20T. 14 73C
C14H20CH (S03Na ) CH20X. 16 84C
RS%GII;II%OH (S03Na) CH:0H 18 93C
a .
O S08N 8evvensseseeressmerresssessssssesess s ssesss s 13 35.50
C14H20S0sNa, 14 48C
CisH31S03NBiveeerirssrssssrnenisesossisssrnannens © 15 48C
OnHRSONa | &g
7H 35S OsNa. :
C1s8H37S0sNa. 18 700

The sodium alkanesulfonates have the lowest Krafft
points and are the most soluble. Hydrogen bonding,
such as indicated by the diagram, may explain the
limited solubility of the salts of the sulfo alecohols and
sulfoearboxylic acids: =

H H ONa
N/ /
C-0__H....0=8
/ 4\
RCH HCR
AN /

S=0....H___0—-C

A /7
ONa O

/

Uses

Many potential uses, some of which may be close to
realization have been suggested and described for the
long chain a-sulfo acids, their salts, esters, and amides.
a-Sulfopalmitic acid and a-sulfosteariec acid have been
suggested ' for use in ore flotation, the non-metallic
beneficiation of sand, ih emulsion polymerization, and
as a versatile inexpensive chemical intermediate (1,2).
Recent patent and technical literature shows the use
of the monosodium or monoammonium salt of a-sulfo-
palmitic or a-sulfostearic acid as a dye intermediate
(28,30), the use of lithium and calcium salts in high
dropping point grease compositions (25), and barium
sulfostearate as a paint additive to improve hardness,
flexibility, adhesion, and corrosion resistance (37).

Figure 1 outlines the reactions of the a-sulfo acids

and the types of useful products.

Our laboratory evaluation methods include the
measurement of several properties to disclose or sug-
gest appropriate application as surface active agents.
Properties of particular interest are solubility, sur-
face and interfacial tension, the critical micelle con-
centration, stability to hard water and various metal
ions, stability to acid and alkaline hydrolysis, wetting,
foaming, detergent, emulsifying, and lime soap dis-
persion properties. Based on this type of laboratory
evaluation the various a-sulfo compounds have many
useful properties.

Disodium salts of a-sulfonated hydrogenated tal-
low acids may be used to advantage as a component
in detergent compositions along with tallow alcohol
sulfates, sodium dodecylbenzenesulfonate, and inor-
ganic builders (33,35). Experimental detergent bars,
100% active, based on the monosodium salt of a-sul-
fonated hydrogenated tallow acids with the carbpxyl
group partially neutralized with ammonia and amines,
were made in small scale conventional soap bar form-
ing equipment. Detergent bars with a representative
composition

72% RCH (S03Na) CO-H,
8% RCH (803Na) CO.NH (C;H,OH)s,
20% RCH (SO3Na) CCoNH,

have attractive hardness, solubility, lather, and dish
life characteristies (50,51). .

Soap-syndet bars eontaining 10-20% sodium methyl
a-sulfostearate have been made by melting the soap,
adding the ester, and permitting the mass to cool in
cake form (18).

Esters of the general formula RCH(S03Na)COLR/
because of stability to acid, alkali, hard water, and
various metal ions appear to have excellent charac-
teristics as industrial surface active agents in appli-
cations such as acid dyeing, pickling, and electroplat-



COy
/
RCH Ba
\
S03
RCHCO,H
é paint additive X
OBNH(CZHL;OH) 3 ) RCHCOoL1
shampoos
liquid Syndet: d S04Li
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/COoH
ore flotation RCH ————> RCHCOI\IH2
beneficiation of . \
sands S0,H SO3Na

lime” soap
dispersing agent

=
(3
2
NeOH
R?HcozNa —_— R<|3HCOZH————> R?HCOZR‘
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SOBNa 250 SOBNa. SO Na
component in sur%actant emulsifying
detergent . agent, 11me soap dispersing
composition RCHCOzNH(C2}-l,40H)3 agent, wetting agent, liquid
I syndets
S0,Na

deéergent bar

Fie. 1. Reactions of a-sulfo fatty racids and types of
useful produets.

ing (34). Symmetrical esters with the hydrophilic
portion in about the middle of the molecule, with
R.='R’, such as sodium capryl a-sulfopelargonate,
were found to equal or surpass the most efficient com-
mercial wetting agents and to have much greater
stability to acid and alkaline hydrolysis (31,32).
Polymerized sodium allyl o-sulfopalmitate and ste-
arate are excellent emulsifying agents (4,5).

Several of the a-sulfo compounds are sufficiently
soluble to enter into liquid syndet formulations. Ex-
amples are triethanolammonium e-sulfopalmitic acid,
sodium isopropyl o-sulfostearate, disodium 2-sulfo-
ethyl «-sulfopalmitate and the isopropanolamide of
sodium a-sulfostearic acid. The unsymmetrical esters
of a-sulfomyristie, palmitic, and stearie acids, such as
the methyl, ethyl, and isopropyl esters, are good lime
soap dispersing agents compatible with soap in hard
water. Disodium 2-sulfoethyl «-sulfostearate and so-
dium e-sulfopalmitamide are also good or excellent
lime. soap d1spers1ng agents (32, 41, 42, 47).
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